A sandwich-type tungstophosphate, (1,3-H 2 dap) 2 H 4 [Co 4 (1,3-Hdap) 2 (α-B-PW 9 O 34 ) 2 ] ·3H 2 O
Introduction
The design and syntheses of hybrid polyoxometalates have been attracting extensive interest due to the rich architectures and potential applications of the products in chemistry, physics and material science [1] . Moreover, different polyanions, particularly vacant polyoxometalate clusters have different reactivity and can act as inorganic building blocks coordinating to transition metal or rare earth cations. The [PW 9 O 34 ] 9− anion is one of the important lacunary polyanions, obtained by losing three WO 6 octahedra from a Keggin anion [PW 12 O 40 ] 3− . [PW 9 O 34 ] 9− still retains a large size and a high negative charge and possesses a large active gap so that the rare earth or transition metal can be easily captured constructing sandwich-type polyoxometalates. Moreover, these captured metals can be modified by organic ligands. Since Weakley et al. had O [6] . In addition, organic components have been introduced as ligands directly coordinated to the metal oxide substructure, as found in [9] . It is very common to introduce organic ligands into polyoxometalates according to the first two aspects mentioned above. However, in previously reported compounds, most of the organic ligands were ethylenediamine, N, N-dimethylformamide, 2, 2 -bipyridine or 4,4 -bipyridine, while sandwich-type polyoxometalates associated with 1,3-diaminopropane have not been published. Herein we report a sandwichtype tungstophosphate,
Experimental Section
General All chemicals were of reagent grade as received from commercial sources and used without further purification. C, H, N elemental analyses were performed on a PerkinElmer 240C elemental analyzer. The infrared spectrum was recorded from a KBr pellet on a Nicolet 170SXFT-IR spectrometer in the range of 400 -4000 cm −1 . The UV spectrum was obtained on a Shimazu UV-250 spectrometer in the range 190 -400 nm. TG measurements were performed on a Perkin-Elmer7 thermal analyzer in flowing nitrogen gas with a heating rate of 10 • C min −1 Note Synthesis of (1,3-H 2 dap) 2 H 4 [Co 4 (1, 2 (α-B-PW 9 O 34 
Crystal structure determination
The data collection was made on a Bruker SMART APEX CCD area-detector diffractometer using graphitemonochromatized MoK α radiation (λ = 0.71073Å) at 293 (2) K. The intensities were corrected for Lorentz and polarization effects and empirically for absorption. The structure was solved by Direct Methods and refined by fullmatrix least-squares techniques on F 2 using the SHELX-97 
suite of programs [10] . All non-hydrogen atoms were refined anisotropically. Crystallographic data are listed in Table 1 . Selected bond lengths and angles are given in Table 2 . CCDC 871204 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
Results and Discussion
Crystal structure of (1,3-H 2 dap) 2 H 4 [Co 4 (1, 2 
As shown in Fig. 1, 1 (1, 2 (α-B-PW 9 O 34 ) 2 ] 8− lying across an inversion center. Two [α-B-PW 9 O 34 ] 9− anions are linked by a rhomb-like Co 4 O 14 (1,3-dap) 2 cluster in a centrosymmetric arrangement. Additionally, in the Co 4 O 14 (1,3-dap) 2 unit, Co (1) and Co(1A) ions are each coordinated by a nitrogen atom from a 1,3-Hdap + cation (Fig. 2) . The four Co atoms are all in a distorted octahedral geometry, with bond lengths of Co (1) (2)···Co(2A) 3.259Å. Such a sandwich-type polyoxometalate in combination with 1,3-diaminopropane have not been seen previously, except for an isomeric 1,2-diaminopropane case. The reason might be the larger distance between the two terminal nitrogen atoms, which are more difficult to chelate to a metal atom. Compound 1 has two diprotonated dap cations acting as counter-ions, which interact with the [PW 9 O 34 ] 9− anion via hydrogen bonds leading to a three-dimensional framework (Fig. 3) . PLA-TON [11] calculations indicate that the framework contains large solvent-accessible voids of 443Å 3 , so that it may act as a material for gas absorption. Regrettingly, the obtained yield is low so far thus preventing that gas absorption could be studied experimentally. Therefore, we will attempt to adjust the synthetic conditions and improve the yield in the future.
IR spectrum of 1
The IR spectrum of 1 exhibits absorption peaks at 1494 and 1616 cm −1 associated with the 1,3-dap ligands. The band at 1034 cm −1 is characteristic of P-O stretching vibrations. The peak at 935 cm −1 corresponds to v(W-O t ), that at 878 cm −1 is attributed to v (W-O b ) , and that at 735 cm −1 to v(W-O c ). The results are in agreement with those in the literature [9] . Fig. 3 . The three-dimensional framework of 1 as viewed along the [100] direction.
UV spectrum of 1
The UV spectrum of 1 exhibits two intense absorption peaks at 206 and 260 nm corresponding to charge transfer O a →W and O b,c →W, which is analogous to the two most intense absorption peaks for the Keggin anion [12] , but the two bands are slightly shifted to the ultraviolet region.
Thermal properties of 1
The result of a thermo-gravimetric analysis (TGA) carried out under N 2 atmosphere shows two weight loss steps. The first rapid weight loss step of 2.5 % from room temperature to 150 • C corresponds to the loss of water caused by the humidification of the sample. A further weight loss of 9.0 % from 150 to 800 • C is due to the decomposition of the organic parts.
